Monsoon rains provide relief from the sweltering summer heat conditions, replenish depleted profile moisture to breathe new life in soils. With appropriate management of rain water, Indian summer monsoons boost the level of 'reservoir of life'. Our inability to manage spatial and temporal rainfall variation features of deficit and excess rainfall episodes and their interactions with soil variability is a major cause of uncertainty in agricultural production. In the past, entire focus of national efforts was on rainwater harvesting, storage and distribution through canal networks and greater reliance on ground water pumping to meet immediate crop water demands. These approaches have resulted in wide spread problems of natural resource fatigue and unsustainable water supplies. This paper analyses the complexities of climate change-land degradation-food security nexus and suggests the need for adopting alternate approaches emphasising on in situ conservation of rain water and its efficient use such as to reverse the processes that contribute to land degradation in specific landscapes.
content of most soils has declined. Organic matter plays an important role in development of stable soil structure, maintaining infiltration and regulating the release and uptake of nutrients and acts as food for soil organisms [6] . Declining organic matter is adversely affecting the factor productivity of managed and natural ecosystems. Significant losses in vegetation cover over the arable and forested lands have been reported which point to an on-going process of land degradation [7, 8, 9] . Nearly 37% of the total geographical area of country is, reportedly, at various stages of land degradation [10] . The strategy of achieving food security via intensive use of chemical fertiliser without due diligence on soil health and environmental concerns has proved fundamentally flawed. Many soils in the intensively cultivated Indo-Gangetic plains and elsewhere are now showing signs of resource fatigue [11, 12, 13] and dysfunctional ecoservices rendered by soils and ecosystems [6] . This warrants that food security concerns must be addressed simultaneously with issues relating to soil health and functioning of the ecosystem services.
In common with global community, India is a signatory to millennium development goals (MDGs) which, importantly, aim at eliminating hunger, ensuring food and nutritional security and achieving land degradation neutrality. The objective of this article is to draw attention to current production environment of Indian agriculture, elucidate and highlight the strong nexus that exists between elements of climate change (rainfall, terminal heat stresses), food security and land degradation. It is emphasized that for Indian agriculture to become more resilient to biotic and abiotic stresses, there is need to promote approaches which integrate concerns of enhancing land productivity, gene diversity, water scarcity and climate change. The paper also draws attention for a needed shift from an individual crop to cropping /farming system and land scape based approaches for resolution of the resource problems in 
Seasonal Food Grains Production Trends, Area and Growth Rates
In early sixties India produced nearly two-third of the total food grains during the Kharif season from 2/3 of its arable lands, dependent on monsoon rains.
The situation has however, changed dramatically by 2000 when almost 2/3 of the total food grains were produced during the Rabi season from nearly 1/3 of the total arable lands. Data presented in Table (1) indicate that India's total food grains production grew exponentially and hovered around 3 MT/Yr. during 1950-1990 but slowed-down since then to 1. 2-1.8 MT.Yr -1 due to fatigue of Green Revolution [14, 15] . A closer look at the available production data revealed that area devoted to Kharif food grain crops (rice, coarse cereals and legumes) decreased from 78 to 69.5 Mha during 1965-2016.
In the same period , area under Rabi food grain crops (wheat, barley, Rabi maize and sorghum and pulses) has more than doubled, from 25 to 55.4 Mha. Enhanced Rabi food grains production was largely dependent on (i) extensive development and use of canal and ground water, (ii) increased availability of quality seed of appropriate crops cultivars, (iii) increased use of fertiliser nutrients, and (iv) adoption of appropriate management practices. Irrigated agriculture is the predominant user of water in India (upto 86%). It has now become almost inevitable that agriculture uses water more efficiently such as to share it with other sectors of national economy.
India's canal irrigation network is not designed to supply water as per demands during the crop season.
In absence of good quality canal irrigation systems,
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(Source: Gupta and Yadav, 2014) . production with rainfall anomaly suggests that monsoon rainfall has a significant impact on Kharif production [8, 15, 25, 26] and major dips observed in 1967, 1979, 1987, 2002 and 2009 coincided with large deficits in monsoon rains [14, 15] . On the other hand, rainfall during the Rabi reason is too little to influence Rabi food grains production (r = 0.11). These researchers have shown that the impact of monsoon variations vis-à-vis SMR anomaly on total food grain production has been asymmetric (non-linear) and reached some significant conclusions as under:
1. Impact of deficit rain fall has not changed over time.
The negative impact of deficit rainfall has remained as large at present as it was over the past several decades.
2. Deficit rainfall impacted total food production more than the surplus rainfall, and 3. Before 1980, water was the primary resource limiting food production but in recent times other factors are determining crop productivity in years of normal and excess rainfall ( Table 2 ). Post 1980s, response of positive SMR anomaly on food grains production has declined.
Reduced crop response in seasons of better rainfall was attributed to inability of the farmers to use fertilisers and pesticides well in time. Beside this, the reduced crops responses could be ascribed to processes of land degradation resulting from increased runoff and loss of fertile surface soil.
Monsoon Rains and Water Availability
On an average, a total of 4000 billion cubic meter (BCM) of rain water annually enters the hydrologic cycle over the Indian land mass. This has to find its way into rivers, large storage reservoirs, lakes, tanks and low lying areas (Tal lands) and percolate through soils to join the ground water. A significant amount of infiltrated rain water also gets stored as soil moisture in the rootzone to meet evapotranspiration demands of the plants. Due to topographical and other constrainsts, the total utilizable water resource potential was estimated in 2011 at 1137 BCM comprising of 690 and 447 BCM of surface and ground water, respectively [27] . It is estimated that nearly 253 BCM of total rainfall (6.3%) is stored in large reservoirs, 300
BCM is supplied through canal networks and 130 BCM is used through pumping from ground water aquifers [28] .Average supply of green water (rainwater stored in soils), estimated at 1070 BCM annually, is about 26% of the total precipitation received over the main land (Gandhi and Bhamoriya, 2011 Table 2 . Impact of summer monsoon rain anomaly on food grains production (%) for the period and .
Source: [15] Gadgil (2012) century, will likely come through improvements in rainwater management linked green supplies [30, 31] .
Although ground water irrigation has been one of the prime drivers of increased food grains production, its use is increasingly becoming unsustainable in many areas due to over-mining. As a result water tables are falling in many parts the Indo-Gangetic plains and elsewhere in the country [3, 4] . Reducing our dependence on chemical fertilisers is a laudable objective but has yet to ignite a debate on shifts that will be required from our singular focus on fertilisers. To save on fertilisers, we need to (a) emphasize on the potential agronomic practices that reduce use of synthetic nutrients, and (b) identify and adopt production management systems such as CA that have a targeted effect. LLGHGs [72] . Wheat yield losses in India due to elevated tropospheric ozone (O 3 ) and aerosol pollution has been around 30% -two third from ozone and one third due to aerosol pollution [73] .
Climate Change and Food Security

Large Acreage of Kharif and Rabi Fallow Lands
Field surveys conducted in Punjab during 2009-10 revealed that wheat production was affected in the range of 10-26 % due to rise in temperature at reproductive and grain filling crop stages [74] . Heat shocks during grain filling stage in Indian winter wheat has the potential of rendering 40% of the presently favourable wheat growing areas into unfavourable category [75] [76] . Global warming also impacts the Such an approach will greatly promote the primary livestock industry of rainfed dryland regions in the country. Clark-Sather et al. [81] have indicated that mulching the crops whose water demands are attuned to seasonal rainfall cycles, allow for enhanced rain water use during periods of peak rain fall. In adapting to climate change, technologies that focus on 'manageable part of climatic variability' also play an important role in improving the adaptive capacity of agriculture [51, 66] .
Hoff et al. [82] indicated that improved nutrient management and supplemental irrigation can further enhance the crop choices.
Crop Production and Resource Conservation
Crop production and conservation of natural resources are parallel objectives but often pursued in isolation through fragmented schemes of the local governments. Production management systems require promoting adoption of soil, water, and crop management strategies that build soil organic carbon and improve resource use efficiency together with enhanced production. Conservation agriculture (CA) is one such innovative approach to management of production systems, which is close to organic farming.
CA allows use of agrochemicals and its yield potential is hardly debatable, unlike the organic farming. Given the fact that surface flooding is the most used water application method in India and elsewhere, there is an urgent need to promote the use of lay-flat gated pipes to surface irrigate the crops established in permanent ridge-furrow planting system [88, 89] .
Pressurised sprinkler systems must be promoted in rolling toposequences. Drip system is best under marginal conditions of soil, water quality and climate.
Although drip systems save little more water than gated-pipes and sprinklers, in our experience, the latter are easily moveable and more farmer friendly in operations.
Direct dry seeding practice has the potential of improving the rain water productivity, reduce soil erosion hazards and make planting season independent of rainfall predictions [66] . there is a strong shift in favour of conservation agriculture and a will to invest in water management.
Summary and Conclusions
Hot summers followed by summer monsoon rains result in loss of organic carbon and fertile surface soil with runoff rainwater. Indian agriculture therefore, 
